


ACCURACY OF HYDROGRAPHIC
SURVEYING IN AND NEAR
THE SURF ZONE

TECHNICAL MEMORANDUM NO, 32
BEACH EROSION BOARD
CORPS OF ENGINEERS

MARCH 1853



FOREWORD

During the period June 19L9 to April 1951, a Field Research
Group of the Beach Erosion Board made repetitive measursments of
beach profiles, wave characteristics, suspended sediment and
beach and bottom materials, and recorded certain metesorclogic
data in the viecinity of Mission Bay,; San Diego County, Californis,
Mr. Donsald R, Forrest was in field charpe of the group, assisted
by Mr. Robert L. Harris who was responsible for surveys, instra-
ment instsllation, and coperation and maintenance of equipment.

The following report by Messrs. Baville and Caldwell is the
first of several expected to be produced from the fisld data ob-
tained at Mission Bay. Hepetitive measurements of beach profiles
are frequently used for gquantitative determination of volumetric
changes, and heretofore there has been no reliable basis for
asseasing the probable error resulting from such measurements,

A though the results presented cannot be universally applied with-
out considering the need for a correction factor applicable to
local conditions, it is expected that they will provide a needed
aid in planning and evaluating beach surveys.

The major part of this report was presented at the Third
Conference on Coastal Enginesring, held in Boston in November
1952, and is expected to be published as part of the proceedings
of the conference, It 1s also being published at this time as
a Technical Memorandum of the Beach Erosion Board because of its
obvious application to beach ercsion studies and the consequent
advantages of its inclusion in the Board's report series. The
opinions expressed therein are not necessarily those of the Beach
Erosion Beard.

This report is published under authority of Public Law 166,
79th Congress, approved July 31, 1945,
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ACCURACY OF HYDROGEAPHIC SURVEYING IN AND NEAR THE SURF ZONE *

Thorndike Saville, Jr., and Joseph M. Caldwell
regpectively, Research Engineer, Research Division
and Chief, Research Division, Beach Erosion Board,

Department of the Army, Washington, D. C.

INTRODUCTION

The analysis and solution of most beach ercsion problems are based
to a significant degree on the gquantitative changes in the bottom hydro-
graphy as observed in suecessive surveys. OCritical decisions as to the
dominant direction of littoral drift, the average rate of this drift,
and the onshore-offshore movement of material are based largely on such
hydrographic surveys. 4s the net changes betwsen successive surveys are
usually small compared to the area being studied, the degree of accuracy
or comparability of 'the hydrographic surveys is of considerable importance.
For instance, a net change of 100,000 cubic yards over one sgquare mile
of beach represents an average change in depth of only about 0.1 foot.
Thus, it can be seen that uncompensated errors in depth measurement of
as little as 0,1 foot can produce indications of significant littoral
sand movement which might not exist in reality.

The errors invelved in hydrographic work may be attributed almost
entirely to two different causes. The first of these, a sounding error,
resulte from errors inherent in the sounder and the methods involwved
in reducing the scunder data to an actual bottom prefile (i, e.
tide corrsctions, eliminstion of the effect of waves, water termperature
corrections, stc.). The second, a spacing error, results from the fact
that a particulsr profile may not be entirely representative of ita
assigned section of beach.

Tne sounding error is a measure of the accuracy (or inaccuracy)
with wnich the profile deduced from the sounder record actually represents
the bottom hydrography along the particular range being sounded; as such
it may be determined as g function of the reproducibility of this pro-
file by the repetition of a series of soundings, The spacing error is a
mpasure of the accuracy (or inaccuracy} with which the particular profile
portrays the characteristics of the contipuocus beach areaj as mch it
may be determined as a function of the reproducibility of the hydrography
of a beach area by using various spaclings between adjacent profiles.

it was the purpose of this study to determine on a statistical basis
the degree of accuracy that could be expected in hydrographic survey work
where comparability of successive surveys is a prime conslderation.
Tests to determine the magnitude of these two types of error were made at
Mission Beach, California, (Figure 1), Mission Beach is a relatively long,

#The major part of this paper was presented at the Third Conference of
Coastal Engineering in Boston in November 1952, and is being published
in the Proceedings of that meeting.
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straight beach, with essentially parsllel contours, and no radical changes
of bottom hydrography slong its l=ngth, and as such, is representative of
many of the southern California beaches, The results of these tests may
be expected to apply to other beaches of the same type.

The tests were made under normal eperating conditions by the Field
Research Group of the Beach Erosion Board; i.e., standard Beach Erosion
Board precedures were used in checking the tide, the sounding instruments,
and the position of the survey boat so that the results could be con-
sidered applicable to actusl hydrographic surveys made by the Field Group.
A description of the standard survey techniques used by the Field
Research Group is given in The Bulletin of the Beach Erosion Board, July
1947,

DETERMINATICN OF SOUNDIAG EASOR

Description of Tests. The test to determine sounding érror invelved
the repeated scunding of a single profile eipght times successively in a
g-hour period. The survey extended from the shore line to the -50-foot
mean lower low water contour on Beach Eresion Board profile rarge 136 at
Mission Beach, This range is sbout 5500 feet north of the Mission Bay
jetties and the -50-foot contour is ebout L25D feet offshore. The range
was established by the Fileld Reésearch Croup in connection with other work
in the area, The test was made on 3 November 1950 whiie swells of about
two feet in height were running. The tide variation was 0.4 foot during
the S-~hour periecd; corrsctions of the sounding records were made for this
variation. An amphibicus truck, LUKW, was used as the floating equipment
for the survey., In maldng the tests, a Hludworth NE-2 echo -scunder was
usad while the DUEW was floating; a leadline was used while the wheels of
the DUFRW were prounded in traversing the shallow water section of the
profile,

Analysis of Echo-Sounder Dsta. The scho-scounder or sonic, data and
the leadline soundings were analyzed separately. The echoescunder charts
were first corrected for tide elevatlons and the soundings taken off at
260-foot intervals starting at a2 peint 750 feet from the base line. The
tabulation of results is shown on Table 1. This table ghows the corrected
soundings for the eight test runs and covers the area from about the -6-
foot to the ~50-foot mean lower low water conmtour, a distance of about
3,500 feet. The table slso shows an average profile column obtained by
averaging the eight separate profiles.

As with most statistical data, there are several ways of effeecting
an andalysis. However, only two methods appeared to have enough enpginesr-
ing significance in the present case to warrant a sei of calculations.
The first method sssumes that the sverage profile is the carrect pro-
file for the S-hour period and then studies the deviation of each of
the eight prefiles from the average, The zecond method assumes that the
deviation of one profile from the succeeding profile is5 a better measure-
ment of the degres of accuracy with which successive surveys can be
compared. The data have been analyzed in both ways.
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The deviation of the individual soundings from the average sounding
for the comparable station is shown in Table 2. The deviations for each
profile are summarizZed algebraically on the table; each summation is in
turn divided by the mumber of stations, 15, in order to establish the
average deviation, d, of the profile from the average profile, This
average deviation is a measure of the error that would be introduced in s
set of computations by using a single profile instead of the average proe=
file; thus Run 3 gives a profile for the echo=sounder portion of the
record which averages 0,130 foot below the average profile, These average
profile deviations, 4, can be handled collectively by the statistical
formula

G
T

o =

where o 12 the standard deviation and n is the mmwber of observations.
The result is

o = -%E——- = 0,103 foot

The probable error, P.E., in any one profile is given by
PuEs = 0,67h50 = 0,069 foot. (say 0,07 foot)

This irdicates that any ong profile obtained by the echo sounder can be
expected to have an uncompensated error averaging 0,07 foot.

The second method of analysds involves comparing each profile with
the succeeding profila, In this manner, no attempt is made to establish
the absolute profile as was done with the average profile in the pre-
ceding paragraph; rather the comparison is on the basis of the compara=
bility of successive profiles. The statistical analysis based on this
reasoning is given in Table 3. In this case it can be seen that tho pro-
f1le of Run 1 is compared to HRun 2, then Run 2 to Run 3, and so on.
Finally, Run 8 is compared back to Bun 1., The summation and statistical
handling is the same as used previously and shows for the echo-sounder
portion of the record a standard deviation, o, of 0.118 foot, and a
probable error of 0,00 foot. It is to be noted that the probable error
inddecated by this analysis 15 of the same order as for the first analysis
(0,08 foot against 0,07 foot). Attention is also called %o the fact that
the deviation for the comparison of Fun 8 to Run 1 was well below the
average deviation, indicating that there was no aystematically increasing
error over the S-hour test periocd.

In considering this indication of an 0,07 to 0.08-foot uncompensated
errcy it should be kept in mind that this figure is probably an optimistic
one due to the fact that the comparative profiles were taken on the same
day with the same personnel and equipment and with a relsatively small
tide wariation, These factors would tend to make the error somewhat less
than would ba the case if the surveys wore taken several wesks or months
apart. Also, any constent error that might have been effective on the
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day of the soundings, such as in the instruments, the submergence of the
sounder, or the tide adjustment, 1is not included in the 0.07-foot figure,

Analysis of Leadline Data. A leadline was used for sounding whenever
the wheels of the DURW were grounded. Table 1 shows the leadline soundings
a5 well as the sonic soundings taken during the Tunning of the eight test
profiles, These soundings were analyzed statistically in the same mannsr as
the echo sounder records and it was found that:

-I[a} & comparison of profile devistion agsinst the "average"
profile showed an uncompensated probeble error of 0,11 foot.

(b) A comparison of successive profiles showsd an wncompensa-
ted probgble error of 0.20 foot.

It is seen that these probable errors with the leadline are considerably
greater than the probable errvors for that portion of the profile sounded
by echo sounder. However, the portion of the prefile covered by lead-
line is generally a minor portiocn of the entire profile so that the
guantitative error is usually not as great in the overall picture., In
the Mission Bay tests, about L,C00 feet of profile were sounded by echeo
sounder and sbout 300 feet by leadline.

The fact that the actusl besch profile for the sight Eest runs was
probably =lightly different for each run is appreciated. However, this
does not change the malysis given above, as no hydrographic survey is
made simultanecusly over all profiles. Instead the profiles are run
guccessively as in the test and the test runs would appear to indicate
the degres of comparability of the prefiles, which was the purpose of the
teat.

Of some significance in considering the results of the analysis
given sbove is the fact that the portable echow~sounders used in most
beach profile work are rated as having an sccuracy of + :;T foot at a GBO-
foot depth. It should be noted that the sounder asccuracy is expressed
in feet at 50 feet and not as & percentage; this is done btecause soms of
the errors in the sounder vary with depth whereas others are independent
of depth, Thus the errer could be expscied to be leas at 10 feet than
at 50 feet but not as much less as the ratio of depths might indicate.
The fact that during the eight test runs discussed above the same echo-
sounder was used by the same crew and the entire test covered only a 5-
hour period would tend to hold the sounder error to 2 minimum. The
usual bar checks were made to adjust the sounder before starting the
teste.

Application to s Survey Consisting of More Than One Profile. The
preceding discussion applies to the sounding error to be expected over
a single profile., Most hydrographic surveys involve the use of g
number of profiles to determine the hydrography of & given area. The
use of multiple profiles makes it 1likely that the uncompensated srrors
in one profile will be somewhat compensated by & similsr error oppesite
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in sign on another profile. The eight profiles used in the preceding dis-
cusgicn were accordingly snalyzed toward the end of discovering the sound-
ing error tov be expected in the use of multiple profiles.

In making this snalysis, the eight profiles of Table 1 were compared
to the average profile shown in the same table. The eight profiles were
compared individually to the average and the resultant devietions compared
statisticelly; the results of this comparison have already been discussed
and sre shown on Table 2, The results indicated for the sonic-sounder
portion a standard deviation of 0.102 foot based on the use of s single
profile on which te establish & ¢ omparison,

The indicated errors for every possible combination of two profiles
were then averaged, The resulis established a standard deviation for the
offshore portion of 0.0676 foot based on the use of two profiles. The
comparison was continued for all possible combinstions of three, four,
five, mix, =meven, and eight profiles with the results shoun in Tszble L.
In using these results, two factors must be kept in mind:

(1) That the results should not be construed as indicating
to what degree the profiles sre representative of the section of beach
which they are assumed to represent. The present portion of this report
is pointed toward indicating the surveying errors; the degree to which
a selected profile may be considered representative will be discussed
later in this report.

(2) That the entire set of computations is influenced by the
fact that only eignt profiles wers used and that these elght were averaged
to give the reference or base profile. This condition affects the lower
end of the curve much more than the upper end; for instance Table L in-
dicates a zero deviatlon if eight profiler were used, which is obvicusly
unrealistie, However, it is belleved that the figures for the use of cne
or two profiles ars not too greatly influenced by the fact that only
eight profiles were used as & basis for the computaticns.

If the value based on the use of a single profile is assumed to
be correct, then values for the use of eny number of profiles may be de-
rived from error theory to give

where oy represents the standard deviation to he expected from the use
of n profiles; and &y is the standard deviation for 2 single profile.
o Wwas previously shown to be 0,103 feot for the sonic pertion of the
profile and 0,199 for the leadline portion. Values for the probsble
errcr may be derived similarly, =znd

P.E.
PlEln - 1
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Values for the standard deviation and probable error computed by this
formuls are also shown in Table L. Figure 2 shows the variation of the
sounding error as computed by error theory if it is assumed that the
wvalue for a single profile is correctly ocbtalned from the average of
the eight test profiles. Also shown are the points obtained from using
all the pessible combinations of the test profiles for the sonic portlon
of the test. As may be seen the points obtainsed for the combination of
two and three profiles do not differ greatly from the error theory curve,
this supports strongly the assumption that the value for the single
ofile is wery nearly correct.

The data from Figure £ have the dimensions of feet, and can be ex-
pressed as cubic feet per lineal foot of shore per foot of profile and
hence can be reduced to a relationship of probable cubage error per foot
of shore as related to the number of profiles utilized in the survey
under aonsideration. A tsbulatien of this relationship for the sonic
sounder, ns cemputed from Figure 2, is given in Table 5, and for leadline
soundings in Tatle €. The relationships for both leadline and sonic
pertions are shown sa a series of curves in Figure 3, The values given
in Tables 5 and & or Figure 3 are readily applied te the snalysis of the
probable surveying error inherent to a given survey of a beach. Knowing
the number of profiles used, and the aversge lenpgth of these prefiles,
the cubage error per foot of beach can be computed. The product of this
unit error and the length of beach gives the prebable cubage error over
the study area. It should be kept in mind that the cubage errors indicated
in Tsbles 5 and & are per linesar foot of beach. As an example, for a
10,000=foot ssction of beach, surveyed by 20 profiles each L,000 feet long,
the total probable sounding errer would be ((0.57) (L) (10,000)= 22,800
cubic yards.,

From the above it can be seen that surveylng errors may enter the
analysis of @ beach problem to a significant degree if too few profile
lines are used in the study. It should sgain be emphasized that these
errors represent sounding error alone and take no account of a spacing
error,

It should be noted that the computations discussed above and
tabulated in Tables 2 and || were based on the use of fifteen soundings
for the sonic sounder section of each profile. The question arises as
to the effect on the comparstive accuracy of the profile line of increan
ing the number of soundings. This effect was investigated by taking the
game eight profiles previcusly used and picking off soundings at 125~
foot intervals instead of 250-foot intervals; this resulted in thirty
soundings for comparison, or double the number originally used. An inter-
comparison of these eight profiles with thirty soundings each was then
worked out on the same basis as described above, Table 7 shows a com=
parison of the results using 30 soundings per profile with the resalts
using 1% sounding per profile; the very close agreement in the results
indicates that the use of 15 soundings per line was sufficient to
establish the sccuracy characteristics of the profile and that nothing
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would be gesined by increasing the number of soundings utilized in the com-
pariscn,

DETERMINATION OF SPACING ERRCR

Desoription of Test. As stated in the introduction, the spacing error
is considered as the error resulting from the fact that a particular profile
may not be entirely representative of its assigned section of beach. The
tests to cetermine spacing error involved the use of data obtained from
two different sets of surveys., These were:

(z) The sounding at Mission Beach of a 2,000-foot test section
consisting of eleven rarges spaced 200 feet apart at approximately
one week intervals between 12 May and £ September 1950. In additionm,
three surveys were made in April 1951, making a total of nineteen surveys.
The ranges involved were established by the Field Research Group of the
Beach Ercsicn Poord in connection with other work, and were desienated
Beach Erosion Board ranges 126-146. The mid-range of the section was
sbout 5,500 feet north of the Mission Bay jetties and the -50-foot contour
is about 4,250 feet offshore. All surveys extended from the shore line
to the -S0-foot mean lower low water contour.

(b) The scunding at Mission Beach of a 9,200-foot section of
beach consisting of L7 ranges spaced 200 feet apart at spproximately
three-month intervals between June 1949 and Aprdl 1951, A total of eight
surveys were involved. Again, all surveys extended to the -50-foot
mean lower low water contour. The ranges invelved were Beach Erosion
Board ranges 76-170; range 170 is sbout 2,100 feet north of the Mission
Bay Jjetties; range T8 is sliphtly over two miles north of the jetties,
and about 2,000 feet south of Crystal Pier.

The entire beach in the Mismsion Beach area is sand and has essentially
straight and parallel contours, with no radical chianges in underwater
hydrography along its length; this wniformity of the beach was considered
desirable for this @ tudy as the profiles might ressonesbly be sxpected ‘o
be representative of an extensive section of beach,

Anglysis of Echo-Soundsy Data. The echo-sounder dats and the lesdline
goundings were airalyrzod separately. The echo-sounder charts were corrected
for tide elevation, and, a3 in the analysis for sounding error, soundinga
were taker off at 250-foot intervals along each ranpge starting from a peint
750 feet from the beseline: A tabulation of the soundings of the eleven
profiles for the ¢,000-foot test section for the survey of 12 May 1950 is
shown in Table 8, a2 is an aversge profile obtained by averaging the eleven
geparaste profiles. The deviation of any particular profils [rom Lhis
average profile is a measure of the errver invelved if only that profile
were used to determine the hydrogrephy ~f the area. Similarly, the
error imvolved i using any particular set of profiles o indicate this
hydrography may be measured as the sum of the deviations of the prefiles
from the average profile, if thege deviaticns are weighted according to
the zred which each profile is assumed to represent, For the 12 May 1950
survey of the 2,000-foot test section, a tabulation of the deviation of
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each sounding and the owverall deviasticn of each range from the average
profile is shown in Table 9, Similar tabul atione were made for each of
the nineteen surveys of the 2,000-foot test ssction and sach of the
eight surveyes of the 9,200-foot section. Fipure L shows, for the scnic
portion, =2 typicsl average profile, and alse the average deviation of
each individusl profils from this sverage profile.

The errer involved in using p mumber of different combinations of
profiles rather than the full number of profiles was determined for each
survey. The combined srror lor a geries of evenly spaced profiles was
determined as the algebrsic sum of the ceviations of each individual
profile from the average profile determined from full survey data. This
pave a variation of profile specing of LOO to 2,000 feet for the teat
section and LOO to 9,200 fest for the full section., A tabulation of
these errors (for the conbinations of profiles selscted) for the test
section surveys is shown in Table 10, and for the full secticn surveys
in Table 11. The ninetesn different values (one for each survey) in-
volved in the test sectdon and the eight different values involved in
the full survey may be analyzed statistically to cbtain a standard
deviation snd a probable error by the formulas used in the preceding
section, These values arg also shown in Tables 10 and 11.

Severgl of the combinstions of profile lines used have the same
spacing, and these may be combined to give a single value of the standard
devistion for sach spscing. For example, in the test section, using
a combination of razngmes 3 snd 9 gives a 1,000-foot specing, a5 does also
the combinstion of ranges 1, 6, and 11, The former results in a pro-
bable error of 0.072 foot and the latisr in one of 0.053 foot, These
may be combined by taking the square root of the sum of the sguares to
pive a asinple, more acourate value of 0,00L foot for the prohable errcr.
This combining has been done for both the test section and the full
survey, =nd values of standsrd deviation and prebable error for the
various spacings are shonein Table 1l The values for the probable error
have been plotted in Figure 6, and a curve drawm to fit the points.

The scatter is surprisingly small, and it is thought that the curve re=-
presents fairly accurately the error which may be expected due to prefile
gpacing on beaches having a hydrography generally similar te that of
Missien Beach and sounded by sonic methods,

Dus to the large number of surveys and profiles used, the sounding
error (discussed previcusly) is negligible (each point plotted represents
the resulte from the combination of = minimum of 2L profiles, and most
points are obtained frem several hundred profiles) -- and hence the
error determined by this method may be attributed entirely to spacing
error. This type of error is of grester magniitude than the sounding
error, and may reach censiderable wvalues if the spacing is large.

That portion of the error curve for spacings between 100 and 2,500
feet may be represented very closely by the linear function

P.E. = 0,013 ¢ koBlis x 107°
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where s is the gpacing in fest,

It was suspected that if the data used were too meager, the spacing
error might decrease somewhat as the mumber of profiles at that spacing
was increased — fhe spacing error beiween one set of profiles tending to
compensate somewhat for the spacing error between the next set of profiles.
If this were true, then the points obtained from the 9,200-foot section,
having many more profiles, should lie somewhat beregth the points determined
from the 2,000-foot test seetion. Such is not significantly the case
however, and it is thought that the curve is an sccurate portrayal of the
spacing error.

Ainalysls of lLeadline Data., A similar analysis was performed on the
leadline dabta, and values Tor each profile of the 12 May 1950 survey of the
test section are shown in Tables § and 9, along with the sonic data. A
typical average profile for the leadline portion, and the deviation therefrom
are shown in Figure 5. The errors involved in using different combinations
of profiles rather than the full number of profiles are tabulated in
Tables 12 and 13 (similar to Tables 10 amd 11 for the sondc data). Where
the combinations of profile lines used have the same spacing, the errors
have bteen combined, in the same way as the sonic data, to give a single
averape error for each spacing., Thiz has bean done for both the test
section and the full section, and values of standard deviation amd pro-
bable error are shown in Table 14, The values for the probatle error have
also been plotted in Figure 6, whers they may be compared with the points
determined from the sonic data. A4 curve of besst fit, has been dram,

As may be peen fram the fipure, there is considerably more scatter in
the leadline dabta than in the soniec data, and the points determined from
the leadline data gensrally lie above (show grester error than) those from
the sonic data, Since both curves rafer to spacing error alone, the method
of sounding should not affeet the srror, amd the curves should be identical.
The difference observed between the curves may be attributed to the different
depths imvolvad, i.e., the fact that the inshore, shallower portion of the
beach (where the leadlire data were taken) iz much less regular than the
offshore portion, ard a particular profile there would be expected to be
much less representztive of the swrrounding area than it would farther
offshore where the hylrography is more regular,

It is to be noted that the curves of best fit ercss each other at a
spacing of 6,000 feet, This seems completely illogical, and it is thought
that enough data were probably not obtained to determine accurately the
errors for the 2,200-foot spacing. Twenty-four profiles were used to
determine these points (as opposed to 56 for the l,500-foot spacing, and
more for the leaser spacings), and, ac may be seen from Tables 11 and 13,
a rather large spread in these points is cobserved., It is thought that
the curve for the shallower water (from the leadline data) should con-
tinually lie above that for the desper water (sonic data) and the dashed
lnes in the figure indicate what are thought to be the more probable
extensions of the curves, Actually this is somewhat of an academic questicn,
as the large errors involved for spacings of this magnitude practically

1



AVERAGE PROFILE FOR THE TEST SECTION (9 JUNE 1950)

3.0

2.0
3
= 1 s
E \
£ od s S—- ,
a3 \
£ -1of -
(=
i
a

-2.0 -

3055 %0 350 a0 250 500

Disrance From Bose Line { Feat)
AVERAGE DEVIATION OF EACH PROFILE FROM THE

08 AVERAGE PROFILE FOR THE TEST SECTION (9 JUNE 1950)

0.6
e~ /
8 0a /1 ~
& /
=]
.: u‘z Fi
kS /
8 /
g o
- /
< -0.2 / \ / - —

N
iy 10 2

9 [] 7 § B B 3
Range Number (200 Feet Between Ranges)
FIG, 5-AVERAGE PROFILE AND DEVIATION-LEADLINE DATA



{ Feet)

o
b

Probable Error

&0

=1

=

08
o7

b6 L o
.-"'" ""'".:—"'/
o5 i o ]
5 = e
L= = |
- f’d
o4 - = -

g3

ol
fli]
o8

ar

=

Less Than B

- |
s /f(. NOTE:
;cf'f Ze7 T Sald Lines te. Curves Of Sesp Fit
e

- S I A N
/6 T 5‘? Foot Capth I
|

—t

* =Pty Datermingd From 15 Suryeys Of The 2000 Fr Test Sectlon
as * " g g Sunters o The 2228 T fan o
ay i i o nipnga e Tet
ot n n n E n 1] [} g-zuu - FuH n

Saniyg

Leadline

finshed Linea Indicare Mare Proboble Curves At |l-argsd Spasinge

-}

o4

(k.

fos

l.‘.I'ID

i

000 A000 5000 GO0 TOOG
Proflle Spacing | Feet)

FIG.&6- PROBABLE SPACING ERROR

B0




préeclude their use in the field for cobtalning quantitative data.

L5 with the sonlec data, the error for the leadline date for shallow
water use can also be expressed quite accurately as a linear functicn
between speeings of about 100 and 2,500 feet. This is

P.E. = 0,006 + 7.1s x 105

where the spacing, s, 1s 1n feet.

APPLICATICN TO AN ACTUAL SURVEY

The total error tw be expected in any particular survey will be s com-
bination of tha sounding srror and the spacing error, and may be determined,
for beaches similar in hydrography to Mission Beach, from the curves shown
herein. If € denotes the total propable error, ez the probable spacing
error, and e, the sounding error, then

2

2
E = EE+EB

and the prebable errory E, in cublc yards is

E 8" + &g L

27

where L is the length of the beach in feet and L' the length of the profile
in feet. |

Examples of this combined error are shown in Figures 7a (for the deeper
water sounded by echo sounder ) and Tb (for the shallower water sounded by
leadline). Vslues of probable error are shown as feet for genersl applica-
tion and also as cublc yards for the specific cases of a 10,000-foct
stretch of beach with sonically sounded L,000-foot profiles in depths of
& to 50 feet or with leadline scunded S00-foot profiles In depths less than
& fest, If the portion in deeper water is also sounded by lesdline, a
similar set of curves can be slmply drawn in the sane manner, using the
spacing error as determined for deeper water by soniec methods; and the
sounding error as determined from leadline data.

In an actual sarvey, if E_ denotes the error to be expected in shallow-
er water, and Ey that to be expected in the deeper portions, the total
probable error, Ep, is the sum of these or

Ep =» 25 + Ej

A specific example for a 10,000-foot stretch of beach with L,500=-foot
profiles, where the shoremost, shallow water section of 500 feet was sounded
by leadline, and the deeper, seaward 4,000 feet was sonicslly sounded, has
been worked out and is shown in Figure 8,

As may be readily seen frem any of these figures, the preobable specing
1k
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error for a large spacing reaches a considerable cubage. If is interesting
tc note that, at least for these particular cases, although the sounding
error is quite appreciable, it is so small in comparison to the spacing
error that it has only a relatively small effect on the total error. It
may also be neoted that for many cases the shallow water portion of the
profile is so short compared to the entire profile that very nearly as
accurate an estimate of probable error is obtained by using the data for
deeper water slone, For example, for the case shown in Figure £, values

of total probable error for several spacings have been computed by using
500 feet of shallow water profile and l,000 feet of deep water profile,

and also by assuming that the entire profile could be represented by

4,500 feet of deep water profile, The comparisors are shown in Tsble 15 below.

TABLE 1
PROBABLE ERROR ( CUBIC YARDS)

Spacing 500 feet shallow DIifference
(feet) L,000 feet deep Li,500 feet deep %
1000 113,800 108,000 5.1
520 70,500 &7,Lo0 4.3
200 39,800 37,800 B0

A8 may be seen, the difference between the two cases im small (about

5 percent], and it is thought that in many vases probable errors canbe
adequately determined by applying the errors for the deeper water portion
to the entire profile.

The analysis of sounding and spscing errors presented in thisreport
appears to demonstrate that the cubage errors — dug to the facts that
profiles of a hydrographic survey are not strictly comparable either
among themselves or to a previous survey (sounding error), and that any
particular profile does not necessarily represent accurately the bottiom
area which it 1s assumed to describe (spacing error) — can introduce
serious misinterpretations as to the rate and direction of movement of
littoral drift, For instance, in the Mission Beach area, for a 10,000-
fopt stretch of beach; it is seen that for a very smell range spacing
(200 feet) an error of LO,000 cubic yards can still be more or less ex-
pected in the cubage computatlons; while for the relatively large spacing
of 1,000 feet, an error of 11l,,000 yards can be expected. In mary beach
studies errors of these magnitudes could preduce 2ompletely misleading
interpretations of the tezt data, It is therefore recommended that the
presence of such errors be considered as a distinet posgibility in the
interpretation of test data based on the comparison of successive hydro-
graphic surveys,

16
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APFENDIX

T/BIE 1

3 November 1950

Soundings Taken at Renge 136, Mission Bay, California

Distance Soundings in feet MLLW Average
from Base for Run Number for all
Line (ft.) 1 2 3 L 5 & 7 B runs
Scnic coundings
?S'D 'TnLI- ‘T-S '7-5 ‘TI'J-I- =Ts3 —?-6 'Ta? -7t5 ‘?lh9
1000 14,3 1h.2  1k.2 14,5 1h.2 1L L2 1L.0 1kL.21
1250 19.1  18.9 19,1 9L 18.9 18.7 18.9 18.8 1B.98
1500 23,6 23.4L 23,8 23.6 23,3 23.7 23.4 23.7 23,56
1750 26.9 27,3 27.h 27.6 26,9 27.1 27.1 27.5 27.22
2000 30,0 30,4 30.3 30,3 30.3 30,3 230, 30,3 30,25
2250 32.7 33.0 32.9 332 33.0 3. 32,5 32.8 32,88
2500 35.4  35.4  35.2 35.6 35.2 35,3 3E.0 35.3 35.30
2750 37,7  37.4  37.6 37.9 7.6 37.4  371.5 3.5 37.57
3000 39,8 39.8 k0.1 3%.9  35.7 39.6 39.B  39.7 39.80
325{} Lﬂ-’la hl.ﬂ h?la Ll-zlh hli& 14? hliE Llllg hllngh
3500 il k. bh.7 bul5  LLa bbbl L3.E Lh.3 W22
3750 U6.6 Lé6.5 L6.8 Lé.5 Lé.S5  Lb.5 L6l Lé.5 L6.5h
4250 S0, H1.2 0.8 50,9 50,6 50,6 GO.B 51.0 50.%0
Leadline Soundings
250 2.1 1.8 1.5 2.4 1.8 2.4 2.5 1.9 2,05
300 1.1 L.k 1.k 2,2 1.0 1.1 1.1 1.5  1.39
350 0.9 0.5 0.6 Os0 +D.3 +0.8 +0.8 0.6 0,66
LoD +0,3  +0.3  +0.2  +0.4  ~DJh =0.3  +0.5 +0.3 +0.16
LEO =0.7 =0.7 =0.5 =0.6 <1,1 =1l.4 =0.5 ~0.6 =0.76
500 1.5 =15 -1.5  =2,0 =2.3 2.0 -L.7 ~1.5 =1.175
Note: Soundings were taken over & S-hour periad

and have been corrected for tide.

a=1



TABLE 2

Deviation (in feet) of Actusl Profiles from &verage Profile

Distance Profile being compared to average profile

from Base
Line (ft.) 1 2 3 I 5 & 7 8

Sonic Soundings

750 +.09 =00 001 +.09 4.9 -.21 =21 =01
1000 =00 .00 +.01 =-.20 +,01 .11 4,01 .21
1250 -2  +,08 =12 42 +,086 .28 +,08 +,18
1500 -0h +6 =24 -,04 426 =0k 416 -4
1750 #.32 =08 <38 =.38  +.32 12  +.32 -.28
EDGG +125 _-15 ‘1D5 —‘QS “-OS —-05 *115 '-DS
22850 +18 =12 =02 -,32 =02 =02 «+.38 +.08
2500 -10 =,10 4,10 =30 +.10 0 +,30 0
2750 13 +,17 =03 .33 =03 4,17 +,07 +,07
3000 - {0 0 ~+30 =10 +,10 +.20 3/ +,10
325ﬂ *-1& *olh ‘r35 *!hé *-1h +12h +llh +iﬂh
3500 +.31 411 =49 =29 #1100 4,11 403 =03
3?50 _'06 "loh "'426 +lnh +-OI-|- +th +I1h ‘*-011
LOCD -:20  =,10 =10 W 0 +,00 4,20 +.10
L1250 0 -.30 +.10 0 +.10 +,10 +.10 -.10
Tetal d -D.3% ~0,15 =1,95 -=-2,B5 +1.25 +1.165 +2,05 +0.5
fve, =023 =010 =0.130 =0,190 +0.083 +0.,077 +0.137 +0,010

d
a¢  ,0005L5 L0001 L0169 L0361 LJO69LL L0587 018478 L0001

I dz - D.U&Ezhs ned o =p‘0-.'03§2h5 = U‘U.ﬂlﬂﬁ% = 0,103 rt.

Probable error (scnic soundings) = (0.6745) (0.103) = 0.065 4.

% % 2 R T EFHE FHRA A RN

l.eadline Scundings

ESG *-GE *025 "55 +f35 "25 *135 +ih5 '115
300 ~.29 4,01 +.01 4,81 -.3% =29 +.01 +.11
380 .2, -6 <06+l =36 +2L +.1) - 08
LoD + 1 43k .0 #2h =56 = L6 +3L +.14
L5850 #,06 #.06 4,26 4,16 <=,34 =,8; +.26 +.16
£00 .25 4,25 +,25 - 2R —,B0 =25 +.056 4,25
Total 4 U5  +.05 =,05 41,45 =245 -1,15 +1.25 +.LE
Aive. dp +,075 +,000 -.008 +0.2L2 -0.L08 -0,192 +0,2068 +,075
d 005625 000069 000069 . CRBLO3 164736 L036736 L0LA03 005625
3d2 = 0,016666 n =8 o =/0.510066/8 =0.03983 = 0,199 f£t,

Probable error (leadline soundings) = (0.6745) (0.199) = 0.13L ft.

am2




TABLE 3
Deviation (in feet) of Each Profile from the Succeeding Profile
Distance Profiles being compared

from Base
Line in ft. 1-2 2=3  3-k4 L-5 5-6 6&-7 7-8 B-1

Sonic Soundings

?50 *01 g '11 *-1 +t3 I.'n:l. 'oz '-1
IGDD -nl ﬂ *13 '#3 --1 *-1 —.2 +13
1250 -2 %2 4.3 =5 =2 w2 -l +.3
1500 '12 +. _-2 --3 *bh ‘I3 +13 ‘Il
1?90 *. +,1 *-E '-T +-2 G *-h --5
EGG'D LN "'.1 'D 0 ':' -12 +t2 '-3
225D +03 _Il l"'---3 --2 *tl ‘lh +13 _-1
2500 0 -2 +.0 =L +.1 -3 +.3 +.1
ETEG ‘tj +-2 +13 == _-2 +-1 ﬂ +12
3000 0 +,3 -2 ey - -l +a.2 -.1 +ol
325‘0 r:' +|5 +I1 --6 +'l-1 +o1 +.1 -‘1
35(}[’} (& +.6 =2 "-h o —-3 "'-5 “-E
3?5D “i] +-3 '13 o O --1 *41 +|1
hmﬂ -l G _-1 G -11 '11 +l1 +a
h?SG +t3 _-h *-l -11 G O +o? --1
Total d T8 .8 0.5 . 0.0 0.9 .9 0.2
Ave, d +0,033 0,12 +0.06 =0,273 +0,007 -0,06 +0,127 -0,013

a? 0.0011 0.01LL 0,0036 0,0747 ©,0000 0,0036 0,0160 0.0001
Ja2 40,1135 n=8 g. / 0.1335 =V0,01L2 = 0,119 foot.
E ER

Probable error = (0.67L5) (0,11%) = 0.080 foot.

Leadline Soundings

250 *3 .3 -.9 +.6 -ob =-al +e -2
BGG '-3 ] ‘fa 4':|_|||2 -l '43 -Il +|h
350 +, 1 =.1 -2 +,5 - 0 +.2 =23
LEG 0 +.1 -2 +,B -.1 -.0 +,2 0
L&) o -2 +,1 +.50 +.3 -9 +.1 +,1
ﬁGD G D +¢5 +43 ‘¢3 - "-E E
Total d +uly +,1 -1.5  +3.9 -1,3 -=2.4 0.8 0
Ave. d +,067 +,017 =D.25 =+0,65 =0.217 -0k +0.133 ©
d 0.00LL 0.0003 0,0625 0.4225 0.0469 0,16 0.0177 0

Id2 = 0743 n =8 g= E}_%MB__ = /U893 = 0.299 foot

Probable error = (0.67L5) (0.299) = 0.201 foot.

a-3



Munber of profiles

used at 2 time

Wumber of cembina-
tions possible

ang used

TABLE

Study of relation of number of profiles used to

the average accuracy of the prafiles

Probable
Errt:r_
(feet )

Co =3 OnA O o -

Co=3 v e na =

B
28
56
10
56

B.

Computed on basis Error Theory
of average for s 1 A
eight prefiles
%8 3 i $
FY K - | i .
% e A ®
T8 B 5% %
e b 2 §:§ 3ed
(For offshore sections sounded by echo-sounder)
0,103 0,069 0.103
0,068 0.0L6 0,072
0,050 0,03k 0.059
0.039 0,026 0,051
D.03U U.DEG Dcl}hﬁ
0,023 04016 0042
0,015 0,010 0,039
0 0 0,036

1

PR RO REm

(For inshore ssctlon sounded by leadlins)

0.19% 0,13 0,199
0.130 0,088 0,141
0,097 0,065 0,115
0,075 0,051 0,099
0,058 0,039 0,089
0,043 0,029 0,081
0.028 0,019 0,075
) 0 0,070

a=ly
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TABLE 5
Probable Sounding Errors in Beach Surveys Made with Echo Sounder

Bumber of Stamdard Probable Probable error in cu. yd. per linear foot of shore, when
Profiles used deviation error using profiles with an average length of =—ece—ue
(feet) (feet) WT‘WTW_W
1 0.203 0,089 0.D0255 0,255 1.27 2,55 12,7
2 0,072 Ou0L9 0.00182 0,182 D.71 1.82 9.1
3 0,059 0.040 0,00148  0,1L8 0.7k 1.6 Teh
It 0,0610 0.03L2 0,00127 0,127 0.6 1.27 6a3
) 0,0418 0.0280 0. 0000 0.100 0.52 1.04 5e2
8 D,0361 0.0243 0,00090  0.090 0.L5 0490 Ji55
10 0.,0321 0.0217 0.00080  0.080 040 c.aa L0
15 0,026 0,0177 0,00066 0,066 0.33 3e3
20 0,0229 0,015L 000057  0.057 029 0.5": 2.5
30 0.0186 0,0126 0,00047  0.O47 0.23 a..h?‘ 2e3
Lo 0,0161 0,010 0.00001  0,0L1 0,20 0.1 2.0
50 0.0145 0.0097 0,00036 0,036 0.18 036 1.8
75 0.0118 0,0079 000029 0,029 0,15 0.29 1.5
150 0.008k D.0056 0.00021 0,021 0.10 0.21 1.0
200 0.0072 0,00L9 0.00018 = 0,018 0409 0.18 0.9
S'ﬂﬂ U.Ddiﬁ qu_'gl ﬁaml ﬂ'!ml 9-06 0.]1 G-G

1006 0,0032 0,0022 0,00008 0,005 0400 0,08 Ok
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TABLE 6

Probable Sounding Errors in Beach Surveys Made by Leadline

Number of Standard Probable  Probable error in cu. yd. per linear foot of shore, when
Profiles used deviation error using profiles with an average length e —————
(feet) (feet) R o P 100 ft, 500 1t. "I%‘rr CO00 Tt
1 0,199 0.13L 0.00L96 D.L56 2.8 L.96 25.8
2 0.141 0.06l 0,003L8 0.348 1,74 3.8 17.h
3 0,115 0,076 0,00282 D.282 1.1 2.82 1h.1
I 0.099 0.068 0,00252 0.252 1.26 2.52 12.6
5 0,088 0,059 0,00218 04218 1.09 2.18 10,9
6 0.081 0,054 0,.00200 0,200 1,00 2,00 10.0
8 0,070 0,0L7 0,0017h 0.174 0.87 1,74 8.7
10 0.063 0.0h2 0,00156  0.156 0.78 1.56 7.8
15 0,051 0,034 0.00126 0,126 0.63 1.26 6.3
20 040LL 0,030 0,00111 0,111 0,56 1.11 Seb
30 0,036 0,025 0,00093 0.093 0.6 0.93 N o6
Lo 0.031 0,021 0,00078 0,078 0.39 0.78 3.5
50 0.027 0.019 0,00070 0,070 0.35 0,70 3.5
75 0,023 0,016 0,00059 0u05% 030 0459 3.0
100 0.020 0,013 0.00050 0.050 D25 (.50 2.5
150 0,016 0,011 0.00001 0,011 0.20 0.l 2.0
200 0,01k 0,009 0.00035 0,035 0.17 0,35 1.7
500 0,008 0,006 0.00022 0.022 Uell 0.22 1.1

lmﬂ G-DDE Giml Diw{]u G.Ulﬁ DiD‘E 0.]_6 G|H



TABLE 7

Study of Effect of Number of Soundings per Profile
on the Average Accuracy of a Frofile

Humber of Standard deviation® in fset using
Profilesused 1% soundings 30 soundings
at a time per profile per profile

1 G103 0,103

b 0.0675 0,06875

3 0.050k 0,0503

5 00,0302 0.0302

& 0.0225 0.0224

7 0.0147 0.0147

# In computing these deviations, the various profiles and com-
blnations were compared to the average profile of the eight oro-
files as was done in Tables 2 and L. When succesding profiles
were compared in the mammer done in Tabls 3, the use of 30
goundings per profile showed a standard deviation of 0.0118 foot
which is identical with the results shown in Table 2 for 15
soundings per profile.

a=f



TAELR §
FENMTIGE TANTN OB TYST TECIT AT MISSRW ®aT, CALrFOREIL
12 ¥y 135D
SIS T T FLLE St R ATE . AR

iskaune
fin faee M Al I~ & ] [LE] {{H LGl il
Lifw (Th.Y Reids B 3% =11l i F-178 =18 - £kl B+ Ll
ionfe Sacndines
WHD ~fi. b 6.1 4,3 2.7 4.8 —Eh —4.5 w0
2h0e 153 130 1.7 12,49 12,1 qd2 44 11y
1350 Fi.8 1F,7 8.5 TR,y ARy 378 7.8 1MA
%0 23,0 ¥3,2 23,3 22,9 2.8 2R 4.0 era?
] il Bh 5.4 248 F i 260 M.z L
1.2 W e 0% ) .4 230 ]
zasp 3. 125 2.8 23 .y a3 1.8 it
2500 fEN 1.0 D =5 35,5 A N 2
ETRD 3.0 I rfve] X el a n.o N 5T
oo 3 a0 1,4 A »h ant Tra¥ Mg i
3251 2% Ll Lz,o [ La.p i Ly Jerets
EL _hu.g hildi U I beiF L iz
F il b, L#o & bray 8 it 1ify 4 I
ot hie s Lo Iific iwa I, PRt Lid
LEgs clit Ey.2 LY =L £1.l 21,4 LU0
Lemiling g nee
B Tl =07 0B EF <20 a0 1.5 -, 8 "W 1T 13 e 1.0
k] R —E £l | (% g 0 B Bk EiA 0.5 PR
b -1.5 -1.3 =1h =20 =1 wi 0,1 =9 =0 -1 B -2, B
e 2] -2.3 Tl -Lai L -i.F _oE 3.8 3. i R e
e -ial b3 w AL 13 147 3¢ 5.9 e o Oy -G
L -E.1 LS ad Hed ) 2K 0 5 o 1,5 | =1, LES
CAALS ¥
DFVTATION Me foel ) OF S2TOIL viRFTLE P TSR SOTTIE. 712 May 195G
TACFILE PEING DPmARTE S0 mni™= 3% IrE
blerampn
2R Bhee ai 24 55 i L 1A A fuy o s
Lina {rt.} =12 fi-130 Ea o =133 fi=1 % =1 45138 B=1F [ERIAN Belih
Fol 4 SoanELnee 5
Pl A ~L b -2 L& +, 8 +,Fp +7,3F o, g P P Wi
Lot =5 2o Ea P =20 g 2 #il, i a0 ~Ly2f + 165 +1.76
1250 -2 G LE2N 4,25 =hLis =li AT st AL #1135 1.5 21,3E
ples =700 ] 1.8 0,20 =00 S | e AR P10 1,20
LG Ly Lo AT 3G 5,20 -, w210 sl o
2000 s e ~1a2l =1.41 eI #0145 L) e #0ye g wH Ay
220 =37 afl,TL .51 <031 -0.01 SN {0y 0,73 WL LT
7500 =7y ] =7 Lo <0, 1,01 - T 10,71 il Ei fETh
2ya0 =0, 7 =0, o =10 S =080 0,1 =070 RRS i) = B 5T
i -&,50 st 0 =0, 05 w20 o2 a1 PR T w511 ot ]
2] ¥ | =ali2 -0.73 w020 17 WIET 1T a2 s w1
3= ~0, 3 = LE = b Lot ] 028 +10 Pt vl 3l *c.ﬂ& WLSE
750 =008 - 55 it EE =105 015 -o1h -nas =057 AT valis
] el =029 =% i, 01 001 B LY =L, T +0.31
b= R T =0, sk =£,19 .3 #oEL «5.13 4L
Fotal o =1 8,00 =15 -1E 5 o130 w30 s34 =330 ol T v IO ol T =L, A
Ave. 4 = S L ] =1 #0733 e o aleE W A o ] T = Th33 = oGy
Lam V] Lo Bt T
i -1.73 = 0,77 0, 07 AT HRE, I 5N e WTAT <352
] =120 oT1a bl =250 1. s1.50 w2 -T10 - 11 10 o, P8 i
40 i =0 =700 =LA =0 HI LT -5 T0 =D a1 EL)
Lo =piz =1,02 -1.52 HAT O <1, 7 sl A ~ir, 5 »1iB .02
150 1.7 =1.9% =735 A5 v Bl =R S AR ool v, LR sbag
Cox =1.08 =E0 —F.80 T, 20 +1.T|-_: Ly Ll Pt I =Ll wuls 1,75
retal d =1.3% Y B8 -MLs #ILTE +li, 18 v1Ch S1.00 #1.2% ik w43
irn, o~} <188 1.k -2.87 Pt =253 0, B =7 W22 -1 4% =15



IGELE

oy

FHAE TRSWOOOCID 31 00135 SIVIY COLITITE (OIT, RATERR $HAN all fLEVEM PROFIIES | MU Teet Ssebiondoald Daks)

(TSI FVET T°h FiOT A7 TRONTE WL Foll gy OEAGH)
Licwn spnpns & 1,1 g Loyln  3b® Ll TATE Lyt b dbe Il 20800 3. 55T 10
51?m15m1n5 0 2000 10 1bi i ey s o £ S (] L
Twl
13 Sy 1750 = 1600 s.GRik DS =333 4 2E9R . - 05%5 -0 i 1150 — 0 bl
1w #ABHE = 1993 =B - dHPE B0 LT * AL » D223 -7 #4500 h(?xﬁj
% May 3300 —00in =951 =080 =007 1 0hDs Ra-crd #0680 LY LY e
9 fiine « JHEY 07k L S 11T R oy D = 0uEY -.uFlo - BV + 0T
2E June [0t B I #0100 = lh36 - 0ERD —aL50 #EEHT sl 2} =iz » L0187 *a
21 Jups IEWF - ERET SOUE?  —ebF ey - TR L5480 B S = 606 - 050T i)
£ i L T . B P = 5 11 « AT 10 #0057 = iE D55 - I8
i Jups - R x) S s Y - I I S B #2710 - f.ou w1la7 », 00353 #0007
7 iy B = I L el =BT OlEe —meir aeed ER LT # 0FF £ 00LL - 0 =053
£ uly FoZbfl . —uEEl wOTEE —uRE uDEEE - £ 000 “i nl.s' +L20n =T +.0GT3
It fugngt =EAT = sl =028 —.0fEs [ Py ) 0057 L 00T #.10E9 =tk » 0398
1 wogust sothpl. = l7RY L et TR T 13 O o e S W + I +. 0053 * A0 -073) » OE5E
10 augnas, L R 0 iy I 1 B e . 0323 S 7LD —iraT 11T
27 Enpwat |.ﬁ§3 - 1085 ro1330° —DRL1  =0RGE 0 <0053 S - DEI;I:. woilE2 #0153 w0127
1 Jpulealer < LAGY = JHIL B B R ) = LiE0 pablre r% # DT PREE w005
# Samtemier <2001 <107 . . T S A Y JSIET ozl 1Ll =, 0357 +,G05F
Eh #irI) AW s.wekt  -ldSd 100 -a0E i Hoaty 1B ~-0ELY +41301 T .03y
27 dowil =BT e EE wollify = 30hy  wa09EY <a0UTY Falllec =558 +OEET S £ B3I
2 fpwis AT TV - S - vy B 1 71 i e A
i1 T IS s it 079 Lo Lo w3 58 B o Loy
Tyabatile agenr L LLL I3 72 £EF IR SNl FikLY L8 alrye Mok v L038
a1

Wiy IRTHe0S e D BY D2 THO OIFEF TROPTI R (TS PHTHER [HAY eIl 47 PROFILES (22007 Ssotien=Snnln Pets)
reanis Ieie S FoOT OF TEOSTLE PR Pm of BERCH)

N RRE Zranosrd
Zoac Deviaticn
Ilee mumkes LPepbt  Jum 15h%  fow 1900 Wab IR0 Aqr LeS0 e 1953 Sanh 15500 Oae 3350 koe 1S Peut)
:L 3,,,',!', L'r o enueRfd wuEil G513 HOGTRES  aLOhEE IRl ) LUGIL f0L0ERD Eri
n] Y S ST Ky T N W= T R el R S 61T - S v JIE1%
L,:-ﬁ ..-m' Y, W SV e S s WGTIA emDTOY o analdl eS0T smuEeld SIS
sl B eDNAS. o092 S001007 I TR0 DUTEDT  «DL0ETET eI 0EL  <0u07E «T50
A bodoly w0, DhEe 2o0eEs UL M-IVl ot =N ns A0 LLLE #OLRLL DT
o U P S s o« PR PO i | ML TERY =T D8 =ULOTE =0, 0589 SGR1ET B
B MENG . <DipEd o] 1178 LEU L R TV (P i 0L OP0 ot 1556 03T
o0 R i #0240 SO0l eED S00839 )y = N 7004 DEET
Do) e0,1TE) S0LDASE  eEin6d] SLEDE 1042300 o0WGTLT - «DJ0RG eDoDmag el
o W08l DLp0W ailacod sULIOOE AOLBEEE . s0.OP5E . - -0,0031  ~0,D36R S50y
vy b W R = W | B Y T« 7 S 7= w S i1 il
PN R R 1 o 1 v T SRl - =LORTT ep lARC o g0iBA0E . Sl «0dlST s
3l AL 00y 2L BTl AT i T 200 03151 -mpEnE 0,28 =ik bl +0.017F =0, 0871 #0351 150
(R T 4 FE Y b T % i . LT TR U W S 1 R s - TR o ~L0l
ehdy 1H TS5 10.0T 0 100 WTRLL Sou0E0R 0,010 EATL 5 S R 1T R - B s MEat]
UL, 16 T2 35, 304 1, it IR WmDYER eninTE vnobdd MLLGG  s0u07kn  #E023F w0l am0s2i e
.4,_,13,1c~ T g 22, 58 I 1200 =000 s InEA “pagy WEIIE abBg0L S0 w7 TRAT 0,000 PRTEES
Ly L0y s, 52527, “IzJ. aﬁ,l..« o « SR T s -{-.cv.-?fr SN ARSE aonERT . e0,0L0T A LT o ] AT
A,I'.l R ALY 10 aBnETT L0 atorald 0T = TRV - S O o . L S 6 5 AT
Yo AL IT, Jl_,J.r!HyI.fu Bt (L IS TP v U | 0,000 W T1AE  GEGTEER S 0E86 en, 09 S
L+ s.n.z..,._.a,_;:,l.r 15 B SPLE o DR O g =0 LA Loy R e 02029 —F.002% =0 SETEY
5.1\.?l.¢~8,35,h.} 1600 =0,0FET SOIEL e0uRnh S R P S o S HE
T )PP 27,25, 53 16000 «m0d aPLPa3s e, Pl i 1T LU0 0025 anai3ko
_..m,‘s 22 3007 b LT S o B P41 B B T T S s . S 4. o IhE
N Bha 22, 2 D -0.0GET -LOltE en nhs? +h Wilf o 12eh e 0,193 +0,097h vIIE
hda, %, 1 A -BETE SRubldE eMTE e IEER GO0 eDuDLE cDLESRy enomfn
LA dn 35 b e TR ey T S L 1 S . o Et e 11e: ST Pl R . - M U SO 1 s 5 18l
.-‘ 18,40, 41 230G =0,090%  <0.0087  -0.0%H) AT e R8s iy Lve SOUFERD w0, POW0 183
138 g A -G IRE -DuEshi  smTIA sl s00iTlE  -gothsh calEm aulivie il
L TR h e L A -u ALY SO BT eCLUDEE  SDUIROR  eOLTEM 401590 312
lsmh‘r Lﬁc{'l U el 5. =, 3263  «Rolyy 5070 +0, 2187 “LATTT hlE
130 ey RN O S Sy .- ETI SO ELP e 1900 T el I 3 258
1z, 35. WhEl —E3] SDUEIET nH S0LLENY  «D0BAT «0LOTED.  SDWIBNT SN0 L3
"t' QEs -2 SRR -Ra2eE) B 111 B = 20247 =2.0101 ~2.1193 22
i 20 WS Hl,G0RT e R1EnT L= I T o S W6 4 S T S N T

L]



IorEs
CUDIC FYRT FXE FOOT 00 PRINTIE FE2 POOT OF BEACH

TiEE 12
EXR0R, BTRECED AT Vs UI‘."E!I:(FH.IZG‘JIEW, FATHE TEAM LI TLEVER

gzm:-' Tagt teetioneland-Line Lani)

Llesn Woostat & 110 5 T 1AL LES 14851 E57,10 LEEa LN AL 2510 13,5000
& “Bpas ing 2000 2000 1too 1ge0 W 3 S0 i S hon Lae

ik pic L .
33 Ve RED A o R T R | = 1518 =p 3580 1 oD », B0

Yay <18 et - T L IRy =i = A1 = F100 =060
24 May LT TR ¢ S &1 - #3500 -l &, D0 -, 250 - et
# e =885 eJ@AT e 3I0R o 0853 eamit *E =iz = LT -5 1, Tyl
16 Juns - (e = OhiRr =, BT L IR =, 0017  U3TE [R5 = s
o e et | Lk i SoOBO0 e L0Ead 0T .93} L Lk T
29 e AsT =0l - kT 11000 #0553 =1 * LT
1 fane =0T 1N L2 T R =L AL TIES " AGE3 =113
Ty R —afh2T ¥, 0043 S =08 =, D05 LR ] KI5
Il = TR =Ty =048 A0 * 00R =g L] = GEG
i et ~ad5A0elil? =121 eny = 254 =0 = f1E55 e
1T Augist; - AR - T ~BJET - 2837 V1A *f70 T
A Azguat ~u R L [T = NE R e ki ® R # B 3
25 higpant ST ARET 1517 LR e = lH7E w1 PR Chy -, DY
1 Septaxter *yuhan » DG5E VIR =, ThEY - R0 — = b8 v Baaft
B Saptasiar T ] =0HhE w0 = 1852 = 1566 «u[AES -
2 agril 1951 ot [ 4 =Ox w0y o E —A2EN =l TR0 LT
27 dmridl HBEEE ETE Ehlfy .76 =051z =370 = 1085 — i
R +773 =ikt LT 1527 a7 * L0y #1007 =150
framiard Devinbion 900 ANE g A58 10T 2151 B R L] i
Probable Ervor W20 STV LAY A oTHE ] LEF WET 50
T 30
SEAMR LMTRANOSEL [T U OIEW PROTTISE THLE 44710 TRAN L LY MorTTs | DA S T S L e T
CONELG FERT PR R DF PIOAITE PEY per sy TR
e franiars
‘390:111 Burlziion

Lirms Ruster (el Yeh® . oon Telh el 1RG0 sor LGSR e 3950 Sap Rago- See 33000 dse 3551 ookl
T Ta e e G -0k W, TR ey 2 BNy w0, 0679 L Ll
E.L,b A walilh L L -ﬂ.{tﬁ 0, Ty sl ] =, (R AEE
T B £ iy e SR 095k St
AR TR AT e 1,0 Bl —L A e W
3,»,:,-.13,,._4) nn 0 Y Wi 157] =4, 4q18 =5 58E P
Tulie? .....ﬁ'. ,29,_;&.‘.“1 G0 -0, 0788 B30 T 0,330 38
105,351, 404h8 L] 3, (e RS H.0w a3 JELR
R N Sp0 b, PPl “apare R | 2006 oEER
P TR I Ry 0,155 ~y T *-'J.M-I; ¥ A0 it
E.S,ir,...:"l,‘nh BT 100, . pali? BOD HL IR w0,rias =0, 3% 10 2, FL5E <1703
11T 1R w kb 1000 ML TR, L, oG, 00T woizaE.  goeel
s 1?,.. L7 e =0.113 =7, (838 adt, frras 02O 1;u_'|5_|3|

(21 1S, FF R AT AT 100 0,740 =0.pE1E “hm T L300 L02E
L 251lve s shit B #0355 =0, 357h et il o Wi | Hlis
157,10,5%, 2,29, 95,40 L7 TR0 —, DGEG 1,0 L ITHY ol ] 153
030,1E 2%, 06, 18, 38,0 1B i, Lo ~1, iz =T LT R 1Y
bae,1s AT, vy xa h 1300 210 0,43 10, 1z L WATE

o s e | e 180t o 16T 1, 0380 =+, sl -0, TENE 5D
1he,br g b g fin & 100 18k M PETL =T A0y IEEE Dok
0 = e i 1380 #1150 A7 LA ] e SHOTT
18,3, ar.,az Ln 17 1750 "1 “oaihe  —ourmia .3 AR
£232,72, 20,5 -:. 150 i ML 20 pEil S0
30 'azr ExT: '-3 200 10y o Dl =rpl =0, TEE L
1,1:\,1*},99,3 it 180 1, 1350 1, Tl ik STi JHigh
A 1520 3Tk L] 0,55 10y H 153 =0, Trh2 S
21T AT 2400 B T 0,00 wakr = 2T 550
1,23, 8L, 35,47 2300 —1, 1518 0T LTI HI3% « 2EHL
7,00, 201 Fa . 0, 1263 LM i, 5382 L2
3,06, 50,00 100 R f, 138D wi w0, 2lug L2350
a0k, 3% 1 HIL AT #hulisks -, 7235 H,TTHE S35
175,47 whan 2,870 1,1 HL1E -c.s'm Wit
19,35 e w0 HET ) JELT i IRET ] 0 AT Mal: s
2.3 ligand =l 8T 3, 08140 WL 1, 1000 «:I ‘J“’JJ et
1,07 T T S 1] ~1 26633 oA -LOS0D CLe633 A5
o WA -] 0,150 A7 ALITHY aGaN. oo .00

m=20



TABLE 1L,

Average Spacing Error

Senie Leadline
Spacing Standard Probable Standard Probable
deviation error deviation error
(feet) (feet) (feet) (feet)

2000-foot Test Section

2000 0,188 0,127 0,236 0,159
1000 0.0%h 0,064 04206 0.139
650 0,074 0,050 0.1L0 0,090
500 0.051 0.034 0,158 0.107
LOO 0,0L6 0,031 0.0751 0.051

2200=f oot Full Saction

9200 1.977 1.333 1.3l45 0,907
L600 (04399 0,269 0.lL3 0.299
3100 0.260 0,175 0,348 04235
2300 0178 0.120 0,257 04,173
1800 0.132 0,089 0,229 0,155
1525 0,113 0,076 0,178 0.120
1300 0,096 0,065 0.059 0.067
1200 0,08k 0.057 0,118 0079
1000 0.095 0,06l 0,102 0,069
800 0.077 0,052 J.110 0.07h
£00 0,069 0,047 0,103 0.069
Loo 0,054 0,037 0.052 0.035
a=11

9583 043 %y



